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SOME PHYSICAL CHARACTERISTICS OF
A METHANOL SYNTHESIS CATALYST
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ABSTRACT

A ternary“methanol.eatalyst composed of {Cu— ZnO= CryOz4fatomic ratios of
Cu:Zn:Cr = 2:2:1) was prepared.and used-te'synthesizemethanol from synthesis gas (CO:H,
= 1:2). Using a fresh sample of thewactivated-catalyst, its.BET surface area, ZnO crystal size
and Cu crystal size were measured. The crystal sizes were determined by the X-ray diffraction
method. For the fresh catalyst, CO adsorption and metal surface area were also determined.

* Department of Hydrocarbon Chemistry, Kyoto University, Japan.
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After the catalyst was used for the synthesis of methanol in a high pressure through-
flow reactor for approximately 50 h at pressures ranging from 20-50 kg/ cm? and temperatures
Jfrom 220-300°C, the above physical properties of the used catalyst were determined for com-
parison with the fresh sample. It was found that the crystal size of ZnO increased from 931 A
to 2, 600 A with respect to face 100 and that of Cu increased from 1 70A4 to 2,300 A with respect
to face 111. The BET surface area decreased from 57.4 mz/g_ to 46.2 m?/g. For the Sfresh
catalyst, its metal surface area and-Cu'particle sizes'were.2.57 mz/g cat. and 536.31A. This
clearly indicated that appre€iablesiritering occured at 300°C andiless, resulting in appreciable
crystal growth and reduction of BET surface area.| lralsolshowed that Cligwas more susceptible
to sintering than ZnO.
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INTRODUCTION

At present, methanol is commercially produced by catalytic hydrogenation of carbon
monoxide under pressure, as follows:

CO +2H, - CH;0H ... (1)

2. @ nn. 398 ¥, bdmo, o8(k)



In this study a ternary catalyst of copper-zinc oxide promoted by chromium oxide
is used for methanol synthesis from one part of CO and two parts of H,. The composition of
the prepared catalyst is Cu:Zn:Cr = 2:2:1 and was prepared from copper nitrate, zinc oxide
and chromium oxide.

MATERIALS;AND METHODS

Methanol synthesis experiments

Experiments were carried out’ under-various conditions in a through=flow tubular
reactor using/@ feed censisting of Hy.and CO at a ratio 6f2,to-l. The redetion pressure was
varied from 20-50 kgf/cmz, reaction temperature, from 220-300°C;-and-the space velocity,
from around 2,000-16,000 ml of synthesis gas/ (ml cat. h).

Figure 1 shows a schematic diagram of the experimental apparatus, which was
designed and constructed to withstand a maximum pressure of 50 kgf/cmz.

Figure 2,3 show a few typical experimental results obtained with the above catalyst.
It was found that, as expected, methanol selectivity generally increased with increasing pressure.
It tended to rise at first with temperature before decreasing as temperature increased further.
Space time yield (STY) of methanol increased with both pressure and temperature. With respect
to space velocity, STY of methanol increased all the way with space velocity because its
methanol selectivity decreased only slightly with space velocity. (Note that STY = space
velocity X total CO conversion X methanol selectivity)

BET surface area

A glass apparatus was used to measure the volume of gas adsorbed on a sampleof
the solid'material. The apparatus operated at a low pressure which can be varied from™near
zero up to about 1 atm. The operating temperature was in the range of the normal boiling.point
of Nj. The procedure was to pass a gaseous mixture of known composition over the'sample
until equilibrium ‘was reached, that is, until the solid catalyst had adsorbed an. amount of
nitrogen ¢orresponding to equilibrium at its partial pressure in the mixture. Then the nitrogen
was desorbed by heating the sample while a stream of pure helium flowed over it. The amount
of desorbed Nj was measured with-a thermal-conductivity-detector; y Figure-4.taken from
Smith shows some,iSetherms obgained with this method.

Brunauer-Emmett-Teller™extended the nionolayér Langmuir isotherm

P 1 P
— = = e
v KVm Vm e

to apply to multilayer adsorption and arrived at

P 1 (c-1)P
B B . T 3
V(Py—P) Ve ¢V Py o
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where Py = saturation or vapor pressure of Nj at liquid N, temperature, 77.3 K
c = constant for the particular temperature
v = volume of N; (NTP) adsorbed by the sample
P = N, pressure in equilibrium with the surface
Vi, = The volume of one monomolecular layer of gas

Crystal size via X-ray diffraction

A Bragg-Brentano-powder diffractemeter allows-a range of diffraction angle 6
values to be scannéd. The phot@n detector.cotatesiatitwiceé'the,angular speed of the specimen,
thereby maintaining the required geometrical=condition. Since the specimen consists of a
random distribution of crystallites; the appropriate planes are in the Correct orientation to
diffract the wavelength A‘each time the Bragg condition is satisfied. ~Thus in X-ray diffraction,
each/peak angle value'corresponds to a certain d spacing. With the wavelength-dispersive
spectromeéter, a single crystal of known d spacing is used to disperse the'pelychromatic beam
of characteristicwavelength of the sample, such that wavelength diffracts at'a discrete angle.

Figure 6 shows an example X-ray diffractometer system.?

The crystallite size can be found with the equation defined by P. Sherrer in 1918.2
f = KALcosH

where B = the peak breadth in radians at half-maximum intensity due only to the
small crystallite size,

= a constant conveniently equal to unity,
X-ray wavelength,
average crystallite dimension normal to the diffracting plane,

= the diffraction angle.

The observed peak breadth at half-maximum intensity is measured in degree 26.
If'the particular peak occurs at relatively low 26 angles, the measured breadth mustibe corrected
for broadening caused by the instrument.

Metal surface area and Cu particle sizes via CO adsorption

The'common adsorbates. used in selective chemisorption are H,, CQ, O,, N,O and
CgHg. First of all the correct €xperimental.condition for the formation‘of'a monolayer must
be determined: temperature, pressure, time required for equilibrium:” Usually, the measurements
must be corrected for, because of-adsorption on the supportgadsorption inside the metal, or
a weak chemisorption on the metal itself@=Fhefirst usc of selective chemisorption is that of
Emmelt and Brunauer who used CO to determine the number of iron atom at the surface of
a catalyst.!

1. daw. an. 199 1., bdmo, o8(k)



RESULT

Determination of BET surface area of methanol synthesis catalyst

Fresh sample

where desorption pea

calibration area for 1 cc = 921,617

1,041,756
VvV - 3T = 1,1
921,617 38
_rp _ 1 P
VPo—P) V. Py

J. Natl. Res. Council Thailand, 1987, 19(2)



0.247 _ 1 - 0.247
1.13(1.1-0.247) Vin .1
Vi = 0.876 ml for 0.06668 g adsorbent
S = 437 x Vg m?2/g solid adsorbent

= (4.37)(0.876) m2/0.06668 g catalyst

Used catalyst

Fresh catalyst

Using a fresh sample of the above catalyst, its X-ray diffraction pattern was obtained.

Procedure
1. Take 0.1 g of catalyst.
2. Grind in a mortar for about 5 min.

2. a8u3. An. 399 9., bdmo, o8(k)



3. Mix with vaseline and smooth out on sample glass plate.
4. Take record from 70° — 10° (diffraction angle).

a) ZnO crystal (fresh catalyst)

Data26 = 31.8°, half-heightwidth = 20T 1 = 030° = B,
20 mm
5 = 15.9°
o
A = AR T80 ga10- YSime.x 180 (degrees)
A n m
W< 15405, b= Fisda3
NOWA . = 0.07759 e e 158
Bo
Frofi\Figuré 8 g -~ 0925 =B = 0.278°
0
Standard quartzb = 0.188° at 26 = 31.8°
b
y = 0.676
B
From Figure 9 3/B = 0,32 =>p.= 0.32x0.278 = 0.0890°
= 0.00155 (rad)
KA
I =
f cosB
= 0.9 A,.= 15418 A

_ (0.9)(1.5418) A - 9314

(0.00155) cos 15.9°

Thus particle size of ZnO = 931 A with respect to face 100
Used catalyst

b) ZnO crystal (used catalyst)

After reaction 26 = 31.8° =6 = 15.9°

Half-height width By = 42—'§><1 = 0.24°

A= 0,0775° (as before):% ~ 0.323
0

FrontFiglre's g = 089 =B = (0:89)(024) =0.214°
0

b

I

0.188°;\'l—l; 2 0.880

0. 15" =pw=250.15)(0.214) = 0.0321°
= 0.000560 (rad)

From Figure 9 g

KA
fcosB
_(0.9)(1.5418)
~ (0.000560) cos15.9

= 2600 A

J. Natl. Res. Council Thailand, 1987, 19(2)



Thus particle size of ZnO (used catalyst) = 2600 A with respect to face 100. From
the above, the crystal size of ZnO increased from 931 A to 2600 A with respect to face 100.
Similary, it was found that Cu crystal size increased from 170 A t0 2300 A with respect to face
111 after the catalyst had been used for methanol synthesis.

Determination of metal surface area and Cu particle sizes

Before reaction (fresh catalyst)

1.

Data analysis
1.
2.

. After GC reach steady state, turn off ‘‘current’’ (turn on

Paper =, 279.85 Mg
Paper+ sample || =, 9386.99 mg
sample =.107.14 mg

. Setrup sample in‘adsorption tube.
. Pass He'gas (5 kg/cmz) through GC columns:

flowl = 40 ml/min
flow2 = 40 ml/min.

./ After GC enter steady state, pour liquid N into trap.

Turn on ‘““current’’ of GC.

3

‘current’’ only to
detect CO).

. Start reduction of metal surface by introducing Hj (about 1 kg/cm?) info He

(H, 10% vol.) and heating up from room temperature to 400°C, holding at
400°C for 10 min.

. Stop flow of Hs, flow He for another 5 min.

Cool system down rapidly using electric fan.

. Set GC ““current on’’. Introduce CO (20 pl) at 1-min interval (approx.). Use

no packing in GC columns.
procedure
From Table 1 read areas under peaks sy, 53, ..., Sy = Sp

Compute s;—sgp@d = 1, 2, ..., n) as follows:

n
(2~ So) =S

454,468

CO (20 ) 1& s0.= 48,000
273

CO adsorb&de="%x.0. INTP
adsorbe Sox 0.02% (273+room — PmINT
454,468 273
— o . X - -
T (573400

]

= 0.07681387 ml NTP/sample weight

2. awe. an. WY ¥, bdmo, o8 (k)



From experiment paper + sample = 386.99 mg
paper = 279.85 mg
sample = 107.14 mg

il

3. Find CO ads./g cat.

0.07681387 ml NTP/107.49 mg
= 0.7351 ml NTP/g cat. = a

* Avogadro number

J. Natl. Res. Council Thailand, 1987, 19(2)
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CONCLUSION

The above experimental results indicate that the crystal size of ZnO increased from
931 A t0 2,600 A with respect to face 100 and that of Cu increased from 170 A to 2,300 A with
respect to face 111. The BET surface area decreased from 57.4 to 46.2 m2/g. Thus it may be
concluded that appreciable sintering occurred at 300°C and less. Changes in the surface
structure of the catalyst were due toprolongediexposure,to clevated temperature in the reacting
atmosphere, resulting in cryétal growth and reduction of BET'sunface area. We also conclude
that Cu was more _susceptible to.sintering/than Zn@,
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Table 1. CO adsorption on methanol synthesis catalyst

time (second) area (counts)
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2.0 T T T T

O 20 kef/em?, 2,400 h~!

A 30 kef/cm?, 1,900 h~!

O

1.6

o

200 240 280

320T(°C)

13

Fig. 2 Effect of temperature (200 —300°C), pressure (20—50 kgf/cmz) and space velocity

(2,400 — 3,500 h~ ) on space time yield of methanol
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2.2 I | I T |

— ——— (@ 50 kgf/ecm?, 3,500 h~! / —

——— A 50kgf/em?, 7,900 h~! /

ce time yield of @\ol {mol

200 240 280 320 T (°O

Fig. 3 Effect of temperature (200 — 300°C) and space velocity (3,500 — 15,100 h ™~ 1y on space
time yield of methanol
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Fig. 8 Curve for correcting line breadth’
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<
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1
0
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ABSTRACT

Analysis of 1,045 urine specimens which were diagnosed as diabetes mellitus from
the total of 76,197 samples examined at Department of Clinical Microscopy, Faculty of Medical
Technology, Mahidol University during the period from January 1984 to October 1985. The
incidence was found in adults more than children and females were found more than males
three times. The glucose in_urine of diabetes-mellitus wasigraded from negative, trace, 1+,
2%, 3% and 47 and found-in 32.44 %..8.33 %y 5.65%, 4.97%, W0.24%, and 38.37% res-
pectively. And 16.7% of the.557 urine'specimens.which were those of 4%, glucose and those
who were requested to check.up for ketone;equatly10.8.9% of the 1,045 urine Specimens which
were diagnosed as.diabetes mellitus‘were found to be ketonuria.. The pH of urine was acid and
specifig gravityswasshigh”_dProteinuria was negative (46.60%), trace.(25.17%), 1" (15.41%),
27 (9.19%), 3% (2.39%) and 4T (1.24%). The degree of cells, cast aid crystals were: \white
blood cell 31.7%, red blood cell 6.99%, yeast 1.9%, bacteria 9.47%, squamous epithelial cell
1.44%, bladder epithelial cell 4.79%, renal epithelial cell 1.44%, Trichomonas vaginalis /.05%,
oval fat body (0.29%), hyaline cast 3.64%, granular cast 7.56%, white blood eell cast 0.57%,
red blood cell cast 0.1%, waxy cast 1.24%; fatty cast 0.1%, cellular cast 0.1%, uric acid
crystal 0.67%, calcium oxalate 2.39% and triple phosphate 0.19%.
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ABSTRACT

This work represents an investigation on the use of p-adic transforms to perform
convolution of sequences. First, p-adic transforms are described and then are used to study
cyclic convalution of short and long sequences. 1t is shown that to obtain error free results,
usual restrictions on the nature of input and output data have to be made. In contrast to former
number theoretic transforms, in general, p-adic transforms yield better dynamic ranges.
As for long sequences, most relevant aspects, such as technical derivation of various com-
putational fechniques, the number of multiplications needed resemble and/or remain at least
in principle.as compatible as other number theoretic transforms.
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INTRODUCTION

In recent years, a number of techniques and algorithms for computing digital
convolutions have been proposed.'->3%10:12.13 One of which is the use of number theoretic
transforms. These transforms have the advantages of being error free and efficient in certain
cases. On the other hand, they suffer serious,drawbacks such as limited dynamic range, and
implementation difficulty ofgmedular-arithrietic.—~Quite recently, a new kind of number
theoretic transforms efijoying the cycliegeanyolition-preperty, calledyp-adic transforms, has
been developed and their basic propérties have also been derived!”® One note worthy advantage
of p-adic transferms over other usual“filimber.théoretic transforms is the longer and more
flexible dymamic rdnges. A analysis of the cyclic convolution. based"onl p-adic transforms
was presented in, this stidy, and a study of the corresponding cyelic-convolution 'was, made.
As maybe expected; certain confinements on dynamic ranges have to be.imposed o as to yield
error free results, but they are certainly less restrictive than usual number theoretictransforms.
We also sketchsbriefly the derivation relating to the computation of convolution of long
sequences using higher dimensional p-adic transtorms.

MATERIALS, METHODS AND RESULTS

1. p-Adic segments

Let p be a fixed prime, Q, be the p-adic field, i.e. the eompletion of the rational
field @ with respect to the p-adic valuation | |p- Asis well-known, any p-adic number
@ £Q}, can be uniquely represented by a(p-adically) convergent power series.?

B X BP0 S I (1
i=—n
where. n.="n(a) is anon-negative integer, a_, # 0 and a; = aj(a) &40, 1, im,p 14" For

a fixed ‘positive integer r,. define a finite r-segment (or simply, segment) 0fia to.be

H@yr )= 5 ak\ Y S ... )

A
with r = n+k+ 1, and define a*finite,r-segmented p-adi¢(or simply, segmented field) Qp
to be the collection of all such H(p, r,/\a)’s. When p and r are kept fixed throughout, let us

A
simply write H(a) for H(p, r, @) and Q for Qp,r-

It was shown by Laohakosol and Surakampontorn’ that if a = % is a rational
p-adic integer in its reduced fraction form with dynamic ranges

2. 8w nn. 3 9., bdmo, of (k)



where X and Y are positive numbers satisfying

X<z -, . 4)

DN [ —

then a is uniquely representable’by H(a).This tUnique-representation is actually valid for a
wider class of rationalmmumbers. Indeedvyany reducedfraction of-the form

B~ = _ ... 5)

where t, A, B, are.integers:with A, B having the same dynamic ranges as above, has unique
segment representations because A/B has.

The finite segment p-adic arithmetic can be used in a digital signal processor to
perform error-free computation. Since the input and the output data are rational numbers,
an efficient conversion scheme is required. Various algorithms for computing p-adic expansions
of rational number exists.*® On the other hand, efficient algorithms used for recapturing
a rational number from its unique segment, e.g. Krishnamurthy,6 are awkward. However,
thesealgorithms are quite time-consuming. In practice, particularly for real-time calculation,
it seems much more convenient and expeditious, after fixing r, to construct a look up table.!!

2. p-Adic transforms
2.1 One dimensional p-adic transforms

Let N be a positive integer satisfying the following two conditions (i) a primitive
N root of unity H(y) exists in @, i.c. the equation

R 1= BT, (DS e (6)

is solvable in @

(ii) 1/N isa p-adi¢ginteger with dynamic ranges conditioned as in section 2. 'This automatically
implies that "H(1/N) = H(N) up-to the first r digits.

As notenin “Nasrabadi, and King,8 a permissible value of Nef0, 1, ..., p—1}
satisfying both conditions, aboye is

Ng = . s e N
Now, if we let H(x;),i = 0, 1, ..., N—1 be a sequence of points in @ The (forward) p-adic
transforms of H(x;) is defined as
N-1 "
HXy) = EO H(xp) - Hp* , k=0,1,...,N—-1 . ... (8)
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It is readily checked that the following orthogonality condition holds, up to r digits,

N-1 . .
s HN) , if n—i = 0(modN)

S Hpke-d = T o R, 9

i=0 ) 0 , otherwise. ©)

Hence the inverse transform is

N-1
H(x) 1= “HETAN) - k§0 HXO*H@) * . W oo (10)

Since p-adic transforms.areso constructed structually to conform with transforms having the
convolntion property, “they certainly enjoy this property.

Owing to the fact that rational numbers of the form described in theslast section
render unique segment representations, p-adic transforms certainly provide us.with an error
free transform when applied to these number sequences. In addition, the dynamic ranges are
relatively flexible and larger than usual number theoretic transforms (NTT’s). However, to
increase dynamic ranges amounts to increasing the value of r which in turn enlarges our look
up table. Another noteworthy remark is that equality and all basic arithmetic operation carried
out above¢ and in what follows are interpreted up to r digits, and this suffices to yield error free
results.

2.2 Multi-dimensional p-adic transforms

As shown in Laohakosol and Surakampontorn,” multi-dimensional p-adic transforms
can be-straightforwardly defined as follows:

Let N be a positive integer subject to the two requirements in section 3. .. Given
an N — sequence of segments H(th, th), ti = NN =] - =S nd @ detilic
the (forward), n-dimensional p-adic transform of H(le, .-y X)) tO be

N NS [

AR, LX) g 05 H(Re LK) Sk )y
tp =0 th=0

A
ki = 0,...,N=1;1%"%...;1/, /where H(y)ista primitive Nhoot.of unity in Q. Again the
following orthogonality isweasily.checked

N-1 N-1
2 .2 H(y)k1lit—t) + ... + knlin —tn)
k;j=0 kn=0 .

HMN)" | if ip—ty = 0(modN), m=1,...,n

= 0 S s pe vy, (12)
, otherwise.
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This orthogonality immediately yields the inverse transform

N-1 N-1
H(xp, ooy X)) = H(/N)® klzo an=0 H(Xky - Xky)

- H(y) Wikt +-Ftnkn) e (13)

3. Cycdlic convolutions

Let'xs yis 1 = 0,.15.y"N—1 be two sequences-of rationalynumbers, which we
require to find their.cyclic convolutions and N be a positive integer. appropriately chosen as
in section 3., To ensureerror free convolution after performing p-adie transforms and p-adic
arithmetic,"two requirements are in order :

3.1 Both input data are assumed to be rational numbers which are also p-adic integers.
We do not though have to assume the output data to be rational and p-adic integral
because both properties are being preserved through the convolution,

3.2 Dynamic ranges of the input and output data must be suitably adjusted. This require-
ment can be made explicit as follows :

Let xj = Ai/B;, y; = C/D;, 1 = 0,1, ..., N—1, be the input sequences and z; = E,/F;,
i =0,1,..., N-1 be the output data. Thus

N-1
Zi= Xi*y; = kgo X YiSe®s il ==0pIR RN _ | Yoy .. Y (14)
N-1
E; Ny
T2 S 7 B (DS S 15
. F; k=0 By Dj_g )

Dynamic ranges of z; will be satisfied if

NRLl By DD DR s A (16)
and N A€ Bl Bry e By Dy Dy e D, n & T ' (17)
where 1, j, ky ..., ko, mismp, oS my 2 1.60{0,4,4.0, N} | and
T
i p2—1 — (18)

As a crude example, we may take sequences A;/B;, C;/D; with

1
o L N
2N

max (|Ai] . |Bil, (G|, D)) < (

J. Natl. Res. Council Thailand, 1987, 19(2)



38

With all

above requirements met, error free cyclic convolution via p-adic transforms are

computed through the following steps :

Step 1.
Step 2.

Step 3.
Step 4.
Step 5.
Step 6.

Pre-assign a value of r.

Obtain from the look up table the segments H(x;), H(y;) of the input sequences
Xi> ¥i-

Compute the transforms HXy), H(Y) of Hx)uH(y:).

Compute the prediets-H(Z,) = H(X,) - H(Y}):

Compute the inversejtransforms H(z,) ofYH(Z,).

Obtainffrom the logkluptable the actual values 7, ffom the segments H(z).

We'givesiow an examplé'to illustrate the necessity"of the boufids’'on dynamic ranges

mentioned above.

1

Take p'='5, N =4, r = 2, so that i(p'—l) = 2

Let us compute the convolution of the following two sequences of integers

X0 = 3, X} = 2p-Xo=2, X3 = 4
Yo =2, y1. =3, ¥ =0 y3 =4

il
i

Their convolution is

3
Zy S k§O XeVi = 0,°F5-2, 3

where the subscripts are.computed mod 4. By direct calculation

Zg = XgYo + X1¥3 + Xoy2 + X3y = 26 = 140-5+1-52

and$0 H(5,2,z9) = H(z) = 1+0:5,

7y = 214H(z)) = 1+4-5
2 = 26, H(zp) = 1+0+5
z3 = 26, H(z3) = 1+0-5

Observe that all” zg zy, 79, 23 > %(pr— 1).

Referring to the dynamic range-conditions(3); (@) withsY =1y X = %(pr— ) = 12,

we have the followingyerrer free/irepresentation 6f the two, sequences” X' y;

H(xp) = 3+0-5 , H(X|) 292 0"SH(Xp)= 24075 M) = 4+0-5
H(yp) = 2+0-5, H(y) = 3+0-5, H(ys) = 0+0-5 , H(y;) = 4405
Now a primitive 4'" root of unity in Qs is®

y = 3+3-5+42-52+43-534+..,

so that

H(y) = 3+3-5

1A 0. 308 9., lmdmo, o8(k)
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Next, we compute the p-adic transforms
3

HXy = 2 Hx)-HO™ , k =01,23,
H(Xep) = 1+2-5, HX;)) = 0+1-5,
HX;) = 4+4-5, H(X;) = 2+2-5,
H(Yyp) = 4+1-5, H(Y;)) = 4+1-5,
H(Yy) = 0+4-5, H(Y;) = 01495y,

Next compute the products

H(Z) | 5 "H(Xy - HX., k = 06 1,2,3.
H(Zg) 7="A%4-5, H(Z;) = 0+4-5,
WS A O H(Zy) = 0+3-5.

Finally comptte the inverse transforms

3

HA) = H)- 2 H@IH@-SL - 0,1,2,3.
Here, we Hdve H(‘—i) — 45 dé!' =@

H(zg) = GRS, HEDEE 1% 045y

Hzy) = 1+1 SgH(zs) = 1+4-5 .

These values obviously do not agree with actual values found at the beginning. Though the input
data are represented error free, the dynamic ranges of the output convolution exceed the error
free bounds, which then yields wrong results.

4. Cyclic convolution of long sequences

Although p-adic transforms of sequences of length N are possible for infinitely
many values of"N'(one such value is Ny = p — 1) meeting the requirements described'in section
3, we sec from-equation (19) that dynamic ranges of convolution are reduced if IN is large. This
may lead to.a problem.of.optimizing values of r and N. However, a technique of formulating
a one-dimensional convolution.as a two or larger dimensional cenvolutions; may prove
advantageous and helpfalleviating the above problent.2 14 Wesshall pursue this formulation
for p-adic transforms in.thissection.

4.1 Agarwal-Burrus Technique

We start with converting a one-dimensional convolution to a two-dimensional one
by a technique in Agarwal and Burrus.2 Let Nbea positive integer as in section 3 and suppose
that it is composite with factorization

N = IM

J. Natl. Res. Council Thailand, 1987, 19(2)
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Let H(xy) and H(y,) , n = 0, 1, ..., N—1, be two sequences of segments to be cyclically
convolved, namely to find H(z,) such that

N-1
Hiz) = % Hn 9Hx) . n=0,. N-1,

where the suffixes are evaluatéd mod-N. We introduce-a-change.of variables of the form

ni= &+sL
= keth

k,{ = 0,4, .7, L&1; s, te=20y..., M— 1. Such representation of fi“and q are evidently
unique./ Thus our convelution becomes

L-1 M-1
H(zy+51) = 2 - tgo H(Yy ¢ s k) HGR 4 1)

A
Define a two-dimensional L x M matrix X from the original length N = LM signal, H(x,), by
A
X(,s) = H®&p,s)

A
where columns of X are the sections of H(x) and the rows are samples of H(x) taken every L
values of n. Similarly, define

9
A(L s)
Z(1,5)

HES . .- Ay g1 ... (20)
H(zg 4 1)

With these, we have two-dimensional signals

P M-1L-1
ZU4,s) = Z z Y(l k,s—1) X(k t)

which represent.a two-dimensional convolution. For values of Y(l ky §—it) outside the LxM

/\
array, we definejthem via (20 This amounts torextending X info a' (2L —1).XM array X by
appending L — 1 zeros to.the ‘bottom of X 4 (egqm. 8 in Agarwalrand Burrus)2

The desired convelutionis.cyclic in the s dimensionswhile the/yalues of g\’ along {
§\/{1ows that the convolutlon is not cyclic'insthis«direction. Analogous to X, we extend Y into
Y so that the columns on contain the periodic extension of the original H(y,) with period N.
(eqn. 9 in Agarwal and Burrus)?.

The two-dimensional cyclic convolution is then

A A
Z =Y

o>

*
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Usually, one additional row is inserted to yield 2L x M rather than the minimum
(2L A 1) x M array; this is merely for ease of implementation. The two-dimensional transform
of X is defined as

A M-12L-1 A
TX) = FGk = T 3 Xt ) Hy) How™

and the inverse transform

M=1"2E~.l

§ - 1 v —4j = sk
(1, 5) =GR 5 T SFG H(o) hHOw)

T (=

prov1ded that'a prlmmve 2L-root of unity H(y,; ), a primitive Mt root.of unity H(yy,) both
exist in Q and H( N) = HE@N)™ ! Thus being so, by the convolution property

A A A
T(Z) = T T(X)
yielding
A A A
Z = T HTY) TX)}

As evident from the formulation, the amount of multiplications needed and the applicability
of fast Fourier transforms (FFT) algorithm in the above-mentioned technique are the same as
Agarwal and Burrus’ techniques®. There are also drawbacks, notably the existence of two
primitive roots and the requirement H(%N) = HE@2N)™ b

4.2 Siu-Constantinides Technique

A different technique avoiding these difficulties which may prove more attractive
has been-given in Siu and Constantinides.™ Tt relies heavily on the use of Z:transforms.
Suppose Nis composite with factor N = N N,.

Let
n = Noni+n, , n = 0,1,....,N.~1
ny = 0, 1o N, Al

and Z ws) 2N
Then the one-dimensienal.Z-transform of the'sequence of segments H{x;) is mapped into a

two-dimensional form by

Ny—-1 Np-1

X(Z2,2) = Z 2 H(xnyny) Z11 2™
ny=0 ny=0

Similarly the two-dimensional transform of the sequence of segments H(yp), n = 0,1, ..., N—1,
is defined as

J. Natl. Res. Council Thailand, 1987, 19(2)
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N2—-1 Nj-1
Y(Z,2)) = b3 Z:O H(sz,ml) Zr1nl Z"

my2=0 mjy

Since the cyclic convolution of H(x,) and H(y,) is

Evaluating (21)at Z; = H(y)kl where H(y) is a primitive N'" root of unity (this gives the p-adic
transforms of the sequences of segments H(an,nl) and H(ymz, m1), np,my £ {0,1,...,N-1} ;
ny, my e {0, ..., N—1} with respect to n; and m;) and substituting into (21), we get

2. . nn. 18 ¥, bdwmo, o8(k)
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N2-1 Np-1
~ N2 +mp

X(Z, Hp¥1) - Y(Z, Hp*) = = F Xpi-YmpkgrZ ° ° sesew (22)
n3=0 my=0

ki = 0,...,N;—1, where

and the interpolating coefficients are, by construction,

mg,i = X(Zp Hp*) - Y(Z, Hp)*) , 1= 0,...,2N-2, ... (24)

J. Natl. Res. Council Thailand, 1987, 19(2)
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Here the interpolating points Zg, ..., Zyn_» are arbitrary chosen. This last equation (24)

requires 2N — 1 multiplications for the calculation of N5 points, or 2 _fl\l per point. Hence,
’ 2

this method is quite good for small N,. However, the interpolating polynomials become
complicated when Nj is large.

B. Double Transform Technique

Since (23) is a product of convolutions of two_sequiences each of length Nj, it can
be found by a length 2Np=J1-Cyclic convelutignBf twol(2N, — 1)-sequetiees form by appending
N> -1 zeros at the'end of theloriginal sequences, ire.

{XO,kl’ -'~’XN2Al,k1’O9 ,0} * {Yo,kl, e YNz-l,pr’ ...,0}

N> —1 zeros N> — Tzeros

This cyclic convolation can then be computed as in section 3. This amounts. (3

2hp= 2
X ’Zo Xngok, = B, - )80
o=
where ka = 0, ..., 2N>—1 H(YZNZ,I) is a primitive (2N, — D™ root of unity; a similar

formular| for Yﬁé‘k‘ . The final required convolution is

1 2Ny -2
¢ i i v/, ; —konj
Wasky = H(2No—1 ) kzZ:O Xigoky * Yisky ~ HOong - )72
whererfion=0,..., 2N, — 1. Again, we observe as il subsection 4.1 that this second technique

requires two H(y)'s.

Both techniquesiAand B evidently require the same number of multiplications,and whenever
FFT isiapplicable in"Siu and Constantinides’ technique.!* With just a‘singlerroot of unity
needed, teghnique Asseems better than B, but this advantage is paid for by the faet that technique
A becomes feasible-whén,one ‘of the:sequence lenght factors.is small,

DISCUSSION

As with other number theoretic transforms, to obtain p-adic transforms, we begin
by constructing the so-called Hensel code for each rational number in the sequence. Subject
to certain restrictions on the sizes of numerators and denominators, these codes can be made
error free throughout. This is an aspect nicer than many number theoretic transforms.

1.aud. A0 300 .. bdmo. o8(k)
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The derivation of one and multi-dimensional p-adic transforms proceeds along the
line similar to all transforms. The existence of primitive roots of unity used is guaranteed for
infinitely many sequences. This is the same as other number theoretic transforms.

To compute cyclic convolution of two sequences with error free results, two
requirements are needed 1) input data have to be p-adically integral and 2) dynamic ranges
have to be suitably adjusted. The'requirement_1) is not'severe for we can always so adjust
the input data, and by deing so; p-adic integrality.s preserved throughout the entire calculation.
The requirement _2) is-common’to all transforms and in,factydynamic ranges deducible via
p-adic transfornms are even wider than mest-number-theoretic transforms. Worth emphasizing
is that the.error freeioutput datay,which are desirable but-usually lacking in many number
theoreti¢ transformsy are-automatic here.

For. long sequences, the derivation of three computation techniques due to
Agarwal-Burrus and Siu-Constantinides®'* is attained with equal labour ‘as with classical
situations. Considering this likeness, it is evident that the amount of operations, such as
multiplications, is, if any, of little difference.

We mention one particular difficulty encountered which involves the problem of
implementing p-adic transforms. This seems a real difficulty meriting more research. The
principal obstacle is the lack of practical algorithms for inverting Hensel codes back to rational
numbers. 'We hope to return to this interesting problem later.

CONCLUSION

In this paper basic facts and properties of p-adic transform are first reviewed, and
its\application ‘to digital convolution is analysed. There are two main attractive features:
error freé computation and longer dynamic ranges than ordinary number theoretic'transforms.
Yet, cares miust. also. be taken on dynamic ranges to ensure error free arithmetic, and/these
constraint$.are_made explicit. For long input sequences, three techniques based on multi-
dimensional approach are formulated along the same lines as elassical number theoretic trans-
forms. The number of multiplications.needed-are-.observedto beindentical and the fast Fourier
transform algorithm“is_also applicable in the.same manner as usual' number theoretic trans-
forms.
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ABSTRACT

Preliminary studiés on life cycley behavior and growth rate of the escargot (Helix
aspersa Miiller), reared in Thailand,.werecdrried.out-from July 1983 to October 1984. After
hatching, dthe new’born snails required approximately 5 months tofreach sexual maturity
characterized by, copulation and oviposition. Similar copulatory.behavior was observed in
both the introduced parents and their offsprings. The prelude couriship™isually began at
night or early in/the morning and followed by copulation and exchange'of spermatophores
between the two' copulants. The overall reproductive process took 4 to 5 h and oviposition
occured 9~ 15 days later. The oviposited eggs were whitish, round or almost round, laid in a
small hole dug by a spawning snail, 2.5 — 5.0'¢cm beneath the soil surface. The numbers in each
clutch varied from 80 to 130 for the introduced snails, and 30'to 40 for their offspring respectively.
The egg incubation period was 12 days. The newly hatched juvenile snails were tiny with
glossy unbanded shell of 1% whorls, 0.2—0.4 em in width and 0.01-0.03 g in weight.
These juveniles required 4 more days staying in the hole as a nesting period, before emerging
to the soil surface and starting to feed. A primary study on growth of snails in captivity, at
room temperature (26 — 36 °C), showed a non-uniform growth curve distinguished by two retarda-
tions during the 68”’ 1o 8214 and 1315 to 152”d days of observation. Estivations were often
Seen throughout the study period induced most probably by low humidity. On the other hand,
by some unknown intrinsic factors, few individuals seemingly underwent hibernation'in the
coo/ months._However, no obvious hibernation was observed on the snails reared.at"higher
elevation, approximately 1,300 m above sea level, at Doi Pui, Chiang Mai. H. aspersa was
Jed with many-kinds of edible plants which were fresh or succulent such as chinese cabbage,
kale, lettuce, fennel,.cucumber, green papaya, carrot, potato, yam bean and. roseapple. The
longevity of Hy'aspersa reared in Thailand was quite short. A juvenile gréwup 1o be a small-
sized mother snail-within 5 menths, laid eggs, and died shortly afterward. Major enemies
were 2 species\of\predatory qnts (Solenopsis-sp.-and Oecophylla ‘smaragdifa), house rats
{Mus sp.), and snailynites (Riccardoelladimacum). , The mites have beconie a serious problem
on snail culture projectiin the.higher elevation area.
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ABSTRACT

Although Thailand is well-known for its success in acculturating and assimilating
its Chinese population, some scholars have suggested that these acculturated Chinese haye not
become fully Thai culturally, but have developed distinct and separate Sino-Thai worldviews.
Based on research in Chiang Mai, this paper considers the degree to.which Thai and Sino-Thai
partake in the same worldviews, and suggests that high status Chinese females play a pivotal
role in the acculturation of their families and others in the Chinese community, and in the
transmission of a more traditional Thai worldview.
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INTRODUCTION

Western scholars have long beensintriglied bythe siiccess with which Thailand has
acculturated dand-assimilatedsits Chinese popiilation,. especially in comparison with such
neighbouring countries as Malaysia, Indonesia and Vietnam.. But justshow and why Thailand
has been so suceessful inthis regard has not been so clear. Certainly,-scholars have long noted
that the Thai imposed no racial barrier to complete assimilation of the Chinese and if anything
the Thai showed a preference for certain physical characteristics -- fair skin especially -- more
typical of Chinese than of “‘pure-blooded’’ Thai.!? Indeed, for most of the long period of
Thai and Chinese contact, Chinese merchants and settlers tended to marry Thai women and
their offspring (/uuk ciin) enjoyed such exposure to Thai culture that in three generations. ..,
the newcomers were completely absorbed into the Siamese people.9 But the increase in'both
Thai and Chinese nationalism in the early years of the twentieth-century and, probably more
importantly, the greatly increased immigration of Chinese women into Siam, retarded assimi-
lation.’ |Indeed, the initial effect of large-scale immigration of women into Thailand was such
that Coughlin® even suggested that ““we have little reason to expect, now that there are more
Chinese women than previously, any immediate levelling of barriers between the Thai and
Chinese’?,

Yet, after a period of retarded assimilation and, indeed, even of retarded acculiura-
tion, the barriers between the Thai and the Chinese have been lowered to the point where it no
longer'makes sense in the vast majority of instances to speak of even full-blooded*Chinese
individuals as ““Chinese’’. Indeed, so many Chinese today speak Thai as native.speakers --
and ' most have full linguistic competence only in Thai -- that it is best to speak of them as #Sino-
Thai’*;or, ““Thai”’, rather than “Chinese’’. Most interesting is the fact that.those/Chinese
who haveibeen most.sticcessful in Thailand are precisely those likely to.be mast assimilated to
Thai society:

The most important,questions, of course, are why ‘and.how haveiChinese assimilated
to Thai society? Several factors seem to be involved:

1. Thai society has traditienally incorporated*foreign peoples and recognized them
as Thai if they speak Thai, behave as Thai, and profess adherence to Theravada
Buddhism (although one can be Muslim or Christian and still be Thai);

2. Thais are proud of Thai culture and grace; many Thai who resent the Chinese
presence in their country seem to feel that it is the Chinese who possess an inferior
culture, with their toleration of loud speech;

24w An. 39 1., mdmo, of(k)



3. Most Thai admire the Chinese for their tendency to work hard, have goals, and
persevere;

4. The Thai government has carefully and methodically followed an assimilative
educational policy by requiring that Chinese children be educated in Thai. It
has expressed a carrot-and-stick economic approach to the Chinese by giving
certain business concessionsstosthoseswith, Thai business partners or those who
have become Thai citizens, at the same time taxing aliens and restricting certain
occupations to Thai.!

An important, unresolved isstie concering Chinese acculturation tesThai culture
is the degree t0 which.Sino-Thai haveindeed really become Thai. Do acculturated Sino-Thai
partake inthesame worldview.held by Thai or, since the enculturation-of many'Sino-Thai into
Thai wotldview has oecurred through secondary, non-family contact, have they ‘merely accultur-
ated into a Sino-Thai'version of Thai culture? Certainly, Tobias!? seems.to feelsthat the
Sing=Thai of Ayutthaya do not partake wholly in the Thai worldview and that a discrete Sino-
Thai, and perhaps even a Chinese culture and community, is likely to persist alongside the
“real”” Thai community. Keyes6 concurs with this point, suggesting that ‘‘individuals of
Chinese descent, even if they have become Thai, have had to articulate their worldviews with
reference to objective circumstances they have experienced, which are quite different from those
experienced by the vast majority of Thai; the lives of the former (descendants of Chinese
migrants) are structured with reference to urban conditions and middle-class activities, the
lives of the latter (Thai) to rural conditions and agriculturai activities’’.

METHOD

The writer constructed a detailed interview schedule which covered 36 topi¢srelating
to religious beliefs and practice, family life and attitudes, ethnic knowledge of Thai"and Sino-
Thai behaviour,-ésoteric and exoteric stereotypes, issues of political organization and legitimacy,
attitudes andiideas of achievement, and characteristics of male-female relations, The interviews
varied from one.to'mor&than three hours duration and were administered to'61 informants:
15 Thai males, 15, Thai females; 15 Sino=Fhai.males, and"16 Sino-Thai' femalesselected to be
as representative as possible aécordingyto, social status. Sino-Thai were defined as those of
Chinese appearance (phehiotype), who'speke Thai'witheut an accent and who acknowledged
their Chinese ancestry. Informantssbased their-responses on those questions which dealt speci-
fically with Sino-Thai on people of Chinese ancestry, but who do not speak Chinese. Judgement
as to the ethnic background of each informant was made independently and confirmed at the
end of the interview by a direct question to the informant.

As the writer wished to avoid any direction of the informants, the questions were
carefully worded in as non-directive a fashion as possible, many following the Sentence Com-
pletion Formant.8 Also, the questions were ordered so as to avoid the problem of cross-question
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and response ‘‘contamination’’ as much as possible. The only deliberate bias injected into the
interviews was in the manner of formal dress: his assistant wearing a formal Thai dress (paarung
samret). Various issues of importance, such as religious knowledge and belief, were also
broached in several different ways at different times in the interviews. They took great care
not to lead the informants in any way; when in several instances informants sought their aid
or opinions, the writer emphasized the importance of their opinion if the writer’s work was to
have any importance. Also, tegensure informants acéepted his presence in a relaxed and
informal manner, he chose his‘wife, Mrs. Charoensri Basham, asthis research assistant. He
did this because he'knew informiants of all/statug levels @nd,both ethnie groups would feel
at ease with her and that the inférmants.woeuld-also sense her relaxed confidence with him.
Both Thai@and'Sino:Thai informants'took the interview'task quite seriously and the researchers
were struck by.what they felt was the frankness of the informants.

Ethnic knowledge and attitudes

In'Chiang Mai, the writer found that both Thai and Sino-Thai had a quite high
degree of knowledge about each other’s customs on such issues as marriage, divorce, merit-
making, funeral arrangements, and child-rearing. In most instances, informants were able to
note and describe differences of custom. Funerals and funeral arrangements were seen by
almest all informants, Thai and Sino-Thaj as different, as were customs surrounding marriage
and divorce. Religious activities and, somewhat more interestingly, child-rearing, practices
were seen by many informants as tending to converge, although one difference is worth noting}
Thai tended to be seen by his informants as more relaxed in child-rearing or as indulging their
children, whereas the Sino-Thai were seen to practice stricter discipline and to emphasize
individual responsibility, hard work, and perseverance. The differences are encapsulated in
the remark of a 48 year-old Thai female highschool teacher: ‘‘the Thai do not want their
children to suffer, but the Chinese teach their children to persevere, work hard, be strong, and
help themselves”’. Younger Sino-Thai, both male and female were somewhat more likely
than their elders to report convergence of Thai and Sino-Thai religious and child-rearing
customs, ‘although they maintained (as did their elders) that differences continue to exist in
customs surrounding funerals, marriages, and divorce.

In,one of the strongest areas of agreement between Thai and Siné-Thai; informants
saw Thai families as poorer_than Smo-Thai, easy-going, unenthusiastic, and as displaying
a lack of effort tofimprove themselyes,while the Sino-Thai Wete almost universally characterized
as wealthier than Thaiyhard, working fenthusiastic, {perseVering; and’goal oriented.

There was a marked consensus among both*Thai and Sino-Thai informants that
Thai marital bonds are more easily and freely contracted and more prone to severance than
are Sino-Thai marriages. Thus, it was often said in general than real Thai divorce more often
than do Chinese. The Sino-Thai informants, both male and female were firm on this point:
83% felt that Thai marriages were less stable, while the remaining 17% felt that both groups
were equally likely to suffer divorce or separating these days; no Sino-Thai informants thought
Sino-Thai marriages more prone to rupture than Thai marriages. Thai women, on the other
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hand, while suggesting Thai marriages were somewhat more likely to end in divorce than Sino-
Thai marriages (40% and 27% said Thai and Sino-Thai, respectively), were often uncertain
which were most prone to rupture (33%). Given the Thai females’ response to the later inquiry
about attitudes towards ‘‘minor wives’’, they seem to have felt that the Sino-Thai male’s
taking of a minor wife, and his living with her, were equivalent to divorce, whereas Sino-Thai
did not necessarily feel that taking of a ‘“‘minor wife’’ meant, or would lead to, divorce.

While some Thai.women-were uncertain about the relative strength of Thai and
Sino-Thai marriages, thé'state of their owii'marriage and family was-of great concern to them.
Indeed, when asked about theymost.important thing in life,"Thai women, andiespecially high-
status Thai women,.were most likelyto_maintain-that the.most important thing.in life was
personal and familyhappiness; incontrast to Sino-Thai women, who.weremore likelyto express
concern/about meney’” or “‘health’’. A concern expressed repeatedly by high-status Thai
women was that of finding a suitable husband, especially one who could be relied on to devote
his attention and energies to his family.

While a few (n = 3, 20%) Thai women characterized Thai men insuch positive
terms as good, neat and polite and they have good personalities, most Thai women (n ‘= 9, 60%)
saw them in negative terms as lazy and unenthusiastic, ‘‘playboys’’ who love to drink, brag,
and gamble and don’t work hard like Chinese men do. In general, Thai women also responded
with hostility towards the institution of ““minor or secret wives’’ (mia noi), who were seen as
women who seek the easy life at the cost of the happiness of the principal wife and her children.

Thai men not only fare badly in the estimation of Thai women, they do so in their
own eyes as well. Thai men were more likely to describe Thai men, in general, in negative than
in positive terms (negative, n = 8, 53%; positive, n = 3, 20%). But negative attitudes toward
Thai merheld by Thai pale before those held by Sino-Thai men and women, who had almost
nothing-positive to say about Thai men. Only 7% (n = 2) characterized Thai men positively
as brave, and more polite and neat than Sino-Thai men, while 60% (n = 18) saw them.as lazy,
selfish, hot-hearted, and irresponsible.

Sino-Thai.men, in contrast, were seen in markedly positive terms by Thai/men
(60%), Sino-Thai men (60%), and Sino-Thai women (67%) as hardworkingdndividuals, who
have goals, seek t0 advance themselves, persevere, and are responsible for their parents. No
Sino-Thai males offered negative, characterizations of Sino-Thai males, whileonly 13% of
Sino-Thai women {(n. =.2) Sawsthemsas,selfishs-having more,ptivilegesthan Sino-Thai women,
and hot-hearted. Thai'women, t00; generally saw.Sino~Thai men-n_agpositive light (n = 9,
60%) as hardworking individtials, Who-are.more responsibl¢ fortheir family than Thai men,
and one informant remarked, somewhat morée neutrally, on their skill at making money.
But Thai women were most likely of all groups to characterize Sino-Thai men in negative terms
(total negative, n = 6, 40%).

Northern Thai women tended to be seen by all groups as being for the most part
polite and well-mannered, but also as lazy, and liking the easy life. Sino-Thai women tended
to describe them in a relatively favourable light as polite, well-mannered, with lovely personali-
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ties; this was especially true for high status Sino-Thai females.

Sino-Thai women were almost uniformly regarded in positive terms: (n = 9) 60%
of the Thai men saw them as hardworkers, who have goals and work harder than the Thai,
and have perseverance. All other comments offered by Thai men about Sino-Thai women were
positive; e.g. ‘‘they know what class they come from’’. In contrast to the concentration of
Thai men on the work habits of Sino-Thai-wemen;-only.(n = 4)127% of Thai women commented
on their tendency to werk hard; most Thai women-who_offered-othemopinions (47%, n = 7)
concentrated on_the manners of' Sino- Thai»women: ‘twosinformants stated.they did not like
Sino-Thai women”as they were not_peolite-afid_are-noisy and not well-mannered, while four
(27%) remarked on'their good manners, some contrasting-this. with ill*mannered Sino-Thai
males. /One middle-aged Thai female of high-status remarked that: “‘if they have mixed with
Thai'who haye better education, they will have better manners, but if they are«Chinese without
much education, they will only think of money with every breath’’. Here; as elsewhere, Thai
women place the greatest value of all groups on good manners, comportment, and decorum:
when Thai women refer to Chinese or Sino-Thai in negative terms (such as jaek), it is usually
because the individual has violated customs of proper manners or etiquette. And of all groups
other than Thai women, Sino-Thai women -- especially, high-status Sino-Thai women ==.are
most sensitive to charges that they are ill-mannered. The importance of this emphasis on
manners will become apparent shortly.

In their own descriptions of Sino-Thai 'women, Sino-Thai women, themselves,
tended to focus on their own tendency to work hard and persevere, or, if younger, to obey
their parents. High-status Sino-Thai women, in contrast, remarked on radical changes in
the behaviour of Sino-Thai women in recent years.

Religious beliefs and practices

Although the great majority of both Thai and-Sino-Thai in Chiang Mai.(and in
Thailand)” are "Buddhist, they have traditionally followed the Theravada 'and Mahayana
traditions, respectively, and the Chinese combined Buddhism with elements of Taeism, Con-
fucianism, ancestor cults, and other aspects of what is known as ““Chingsesfolk religion™.
Today, in,Chiang-Maly.many Sino-Thai maintain ancestral altars and attend Chinese temples,
but it is more ‘and meréycommon. for.those of Sino-Thai batkground to partigipate fully in
Theravada Buddhist ritual and_festivities.

As Dr. Bashanhas noted elsewhere,2-a good deal of-variance exists among Thai,
themselves, as to belief in thatsmost central.tenant.of-Buddhism: ‘‘merit™” (bun), especially
when carried to its logical karmic extensions.“While western anthropologists have taken little
note of this phenomenon, Thai scholars have begun to publish research demonstrating significant
levels of disbelief in the notion of karma. Based on a sample of 2,500 individuals drawn from
different regions of Thailand, from rural and urban areas, and stratified according to occupation,
Suntaree Komin’ reports that although 83.8% of rural dwellers expressed belief in karma,
only 69.5% of the urbanites did, and that 81% of the women interviewed said they believed in
karma while only 71.6% of the men did. Similarly, rural people were more likely to express
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belief in “‘unequal bunwatsana’’ (fate) (76.4%) than urbanites (59.4%). Generally, she found
degrees of belief varied according to levels of education and according to kinds of employment.

As mentioned earlier, the interviews were conducted deliberately so as to give a slight
encouragement to informants to provide responses consonant with what are generally presumed
to be traditional Thai religious beliefs. And the topics were carefully presented and ordered
so as to minimize cross-response contagion. Thus, the writer began by asking each of his
informants whether or not theysbelieved-in-merit-(bun) and why (or why not), followed by
whether or not they believéd that people with,‘‘authority”’ (amnacht) had,‘‘merit’’ (mi bun) or
not (and why or why'not), and whether or not'they felt-‘ggod fate’’ (bunwatsana) or ‘‘money”’
was more impeftant in achieving a position 0f atthority.. Most informants offered a pattern
of decreasing affirmdtion to traditional beliefs in response tosthese topies. »Thus, While 64%
of the total sample (1= _61)€xpressed an unqualified belief in ‘‘merit*’, (n =.6)10% offered
qualified expressions of belief and only 26% expressed disbelief in ‘“merit’’, only 34% of the
sample felt that people with authority were “‘people with merit’* while 49% stated they were
not and 16% were either unsure or felt that while some in authority might have merit, many
or most did not. In considering whether “money’’ or bunwatsana was more important in
helping one achieve a position of authority, only 25% of informants felt bunwatsana was more
important than “‘money’’, 62% thought ‘“‘money’’ more important, and 13% were uncertain
or felt that neither or both were important.

Analysis of responses by ethnicity produces no significant differences between Thai
and Sino-Thai in expressed belief in merit or in merit and its association with authority; indeed,
the results are amazingly similar: a change in the response of only one informant in either
group for either question would have produced an identical response profile for both Thai and
Sino-Thai. Only on the issue of fate vs. money in obtaining authority is there a difference
of possible significance as somewhat unexpectedly Chinese were slightly more likely than Thai
to rate"fate as of greater importance (29% of Chinese, as opposed to 21% of Thai);

Analysis of responses by age shows some tendency for young people to be' more
sceptical ofitraditional Thai religious and religico-authority beliefs than theirelders:Sex also
seemns related to'variations in responses: men were more likely than womento'produce an
unqualified affirmation of belief in merit (73% men, 55% women), while wemen were more
likely to express uncertainty (0% men, 19% women). Both men (27%)\and women (26%)
were equally likely'to express disbelief in"merits-while-men were.more likely.todismiss a con-
nection between meritiand.power/thaf women (57% men, 42% women). There was no difference
between men and women €oncerning the roles played by-money and faté in achieving authority.
Thus, while the interviews show greatvariationrin-belief, andsrésponses put in doubt the utility
of characterizing the beliefs of the people of Chiang Mai in traditional, ‘‘official cultural’”
terms, such variation seems quite evenly distributed between ethnic groups and across the sexes.

In contrast to the lack of differentiation of the sample along lines of ethnicity and
sex, clear differences emerged along lines of ‘‘status’’. People judged by occupation and/or
relative wealth to be of high status were far less likely to believe in merit than those of middle

J. Natl. Res. Council Thailand, 1987, 19(2)



or lower status (44% high, 54% middle, 87% low status individuals, respectively) and much
more likely to express their disbelief forthrightly (50%, 21%, 7% respectively). Similarly,
those of high status were far more likely to reject any connection between merit and power
than those of middle and lower status (79%, 44%, 20%), although on this matter those of
middle and lower status were more likely to offer qualified scepticism (0%, 19%, 20%, res-
pectively) than they were to the issue of belief in merit/karma. Similarly, fewer high status
persons rated good fate more dmportant than-meney. in acquiring authority (11% high, 32%
mid, 29% low status individuals, respectively, rated bufiwatsana-as more important; 72%, 54%
and 64%, respectively; Tated ' mOney as more important).

Amalysis of results by.seX_andsstatiis"produced-the interesting findings that high
status Sino- Thai females weremore likely to claim belief in merit-than'théirmiddle and lower
statuscountegparts (75%4 50% and 50%, respectively) and, of the four high status ethnic-sex
groups. theywere most likely to assert that those in authority had “‘merit>’ (25%), as opposed
to17% of high/Status Thai females and 0% of high status Thai and Sino=Thai-fales): high
status Sino-Thai females were also much less likely than the other high status groups to assert
that those with authority did not have “merit’’; or that the two were unconnected (50% of high
status Sino- Thai females, as opposed to 83% of their Thai female counterparts and 100% of
high status Thai and Sino-Thai men). Similarly, high status Sino-Thai females were equally
likely to nominate ‘“‘good fate’ as ‘‘money’’ as most important in achieving authority (25%
each) while mid-status Sino-Thai women rated ‘“money’’ as more important {(money = 50%;
fate = 38%), as did low-status Sino-Thai females (money = 75%: fate = 25%). There seemed
a clear cleavage on these issues between high status Sino-Thai women who were more likely to
assert traditional Thai beliefs and lower status Sino-Thai women who were more likely to
reject them. Indeed, in contrast to the sample as a whole, Sino-Thai women reverse the normal
pattern of  responses with high and mid status women producing more ““traditional’’ Thai
responses on these religious and religico-authority matters than low status women. Among
Sino-Thai,women, low status Sino-Thai women are least likely to assert belief in merit/karma
(50%,), merit and authority (25%), and the importance of “‘good fate’ (25%).

In contrast to the status cleavage found among Sino-Thai women/in which higher
status women are ;more-likely to give traditional Thai responses than lower status women,
Thai women follaw/the.expected pattern: high status Thaiwomen are’far 18ss Jikély to claim
belief in merit/karma ‘than their middie-and lower counterparts((33%, 75%, 100%, respectively)
or in a connectionybetween fmerit qand ‘“atthority’’ (0%'33%, 80%, respectively), or in
rating ‘‘good fate’” above,‘meney™ in dbtaining *“authority’’ (17% 7%, 33%, respectively).

While the writer found little"differentiation among high, middie and low status
Thai men in their belief in ““merit’” (75%), 67%, 100%, respectively), high status Thai males
were much less likely to believe merit played a role in gaining authority than their middle and
low status counterparts (0%, 44%, 80%), or in granting ‘‘good fate’’ an importance over
“money”’ in gaining status (0%, 44%, 25% respectively). However, while there was no signifi-
cant difference along status lines between Thai men and women in terms of association between
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“‘merit”’ and “‘authority’’ and ‘‘good fate”’, ““money”’ and ‘‘authority”’, high status Thai men

were more likely to claim belief in merit than their high status female counterparts (75%, 33%,

respectively), although there was almost no difference between middle and low status Thai
males and females (67% mid status males, 75% mid status females, and 100% low status males,

100% low status females, respectively).

High status Sino-Thai mengwere least likely'tonelaim belief in merit/karma (0%,
88%, 100%; high, middle, low status groups, respectively); in an assogciation between ‘‘merit’’
and ‘“‘authority’’ (0%g#25%, 67%)r0r in rating ‘‘good’ fate} over ““money’’ in obtaining
“authority’’ (0%¢f38%, 33%, lrespectively)...Thus, while interethnic differenges alone are
relatively slight, and differences of“Scx-alotie also seem'insignificant, the nearly “inverted”
pattern of answers offered by Sin6-Thai women, and the greater appreximation,of Sine.Thai
females at all levels tostraditional Thai, ‘‘official’’ worldview, masks the relative detachment
of the 8ino-Thai malesyWhose expressed beliefs are, in general, most remote from¢traditional
Thai'worldview. Indeed, while high status Sino-Thai women seem to have incorporated a more
traditional Thai worldview, Sino-Thai males and low-status Sino-Thai females seem to have
retained Chinese'traditional beliefs or to have experienced what Spiro“ referred to as religious
‘!deculturation’.

Interestingly, given the strong traditional sanctions for Thai men to enter the
monkhood for at least one lenten season prior to marriage, only 53% of the Thai men had been
monks, and most had been monks for brief periods of a few hours or days (often entering as
novices after the death of a relative; of the total Thai male sample only 20% had been monks
for an entire lenten season (phansa) and most of these were government officials. Most (67%)
indicated that neither an older nor younger brother had been a monk, either. Additionally,
two of the'three Thai men who said they did not believe in merit had been monks and all three
men who'had been monks for an entire lenten season said they did not believe that those with
authority were people with merit. Although the Sino-Thai males were less likely than the Thai
males to havé everbeen monks (40% vs. 53%), two (13%) had been monks for alenteniseason
or longery, while another four (27%) had spent brief periods in the monkhood!

In.response to ‘questions concerning the frequency with which theyengagedin merit
making activity'at the'temple and how often they made morning offerings,of food t0 monks
(thak baad), Sine-Thai‘wemen_were shightly more likely-to petform, ffequent”of occasional
merit-making activities at.a templé than.Thai fren and women and far hore liKely to maintain
a regular pattern of offefing food to'menks than Thai men ard women(63%, 27%, 8%, res-
pectively). Sino-Thai men were'least likely-to.attend.a-templc but*were equally likely to offer
food to monks as Thai.
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DISCUSSION AND CONCLUSION

As with nearly all observers of Thai society, the writer has long been impressed with
the low salience of race and ethnicity in Thailand and the manner in which Thai have been
able to incorporate the Chinese population, in particular. In earlier research in Chiang Mai, !
he found that Sino-Thai tended to rate themselves closer culturally to Thai than Thai rated them,
and hypothesized that Thai aceeptance of Sino-Thai wasuthus not the consequence of Thai
failure to perceive continuing cultural differences, but of the Thai.not finding them cause
for great concerngThefindingsfrom his 1985-1986 resear¢heenfirmed this: Thai informants
were able to detail-differences.in discrete.culturalcustoms between Thai and“people of Chinese
ancestry, but-whosdo not speak Chinese’’, but did so inumatter-of-fagtyterms which lacked
hostility.” Additionally, many Thai noted that cultural differencesibetween thetwo groups were
gradually diminishing.

Initially, many acculturated Sino-Thai seem to retain as partof their worldview
distinctively Chinese features derived from their Confucian heritage and work ethics. These
differences, however, do not preclude their acceptance as Thai, as those who, develop full
linguistic and cultural competence as Thai, and comport themselves in a Thai manner, will be
accepied as if they were ‘‘real’’ cthnic Thai. Such differences in worldview may, in any-event,
prove to be relatively ephemeral due to increasing convergence at each social level of-urban
Thai and Sino-Thai worldviews.

In addition to downplaying differences between themselves and Chinese land Sino-
Thai, Thai also give positive expressive rewards to those Chinese,Sino-Thai and other foreigners
who master the Thai language and Thai customs; here, the learning and displaying 6f proper
Thai manners is of utmost importance, especially if one wants to be accepted by mid and-high
status Thai women. One of his most interesting findings was that the appeal of Thai-society
and culture is very strong for high and mid status Sino-Thai women, and that the most important
avenue for suecess in acceptance by Thai and by other high status Sino-Thai is the development
of skills i Thai comportment and in the ability and willingness to articulate a.traditional
Thai worldview.

The tendency-for certain Sino-Thai women to develop strongattachments to Thai
culture hasybeerhoted, by Other'scholars*> but its signifieance Has not beed recognized.
Guskin* notedytliat the “major difference“between the assimilating' Chinese and the other
Chinese groups is the preponderanee ofigirls in-this group’’, but'he suggested that the ‘‘reason
for this is probably related tosthe manner inwhich the samplewas selected, that is, on the
basis of their inability to speak Chinese’’. The fact that"Chinese men are more central to the
family and are more likely to go into the family business undoubtedly provides greater incentives
for their families to have them learn Chinese, but the finding that a greater proportion of
Chinese women were not learning to speak Chinese and becoming proficient in Thai language
and culture confirms Dr. Basham’s finding in Chiang Mai.

2. awi. nn. 398 ¥., ldeo, o8(k)



11

In a process reminiscent of ‘‘sanskritization’’, or the zeal of the convert, high status
Sino-Thai women are most likely to express firm belief in the religious, and social legitimacy
of Thai political authority; while their Thai counterparts have become secularized, for the
most part they are more likely to embrace “‘official’” Thai religico-political culture. Un-
doubtedly, much of the appeal of Thai culture for Sino-Thai women lies in the higher relative
status of Thai women and the greater autonomy enjoyed by Thai women in comparison with
Chinese women. Not surprisingly,-thesé'high status Sino=Ehai women are for the most part
highly visible in local society*and-readily accepted by Thai of-all'seeial strata as Thai. They
send their children toshe most prestigiotis Thai'privage'sch@ols where theyiare heavily exposed
to elite mannersand-customs, develop networks.of Thai friends, and are fully absorbed into
Thai society.dt tHe'Highest levels.~These"High status"Sino-Thai females participate regularly
in religious ceremonies, pilgrimages, and offerings, and express gicat reverence for the royal
family4 And, in‘a‘very réal sense, they often pull their secular, sceptical, and’chauvinistic
husbands with them. - Their admission into the higher levels of Thai society not only-serves to
fulfill their ambitions to be accepted by the Thai elitey it also serves to furtherthesprocess of
acculturation and assimilation at all levels of the Sino-Thai community by both co-opting its
alite and serving as a model for other, upwardly-mobile Chinese and Sino-Thai.. Thus, in
contrast to the situation earlier in this century in which immigration of Chinese women was
seen as a threat to the assimilation-and acculturation of the Chinese in Thailand (and a challenge
to the nation’s security), it appears that the higher status segment of that community is, today,
the principal vehicle for its dismemberment.
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ABSTRACT

Ritual of Lao Song people can be divided into 2 categories: buddhist and animist
cum ancestor worship (spirits of the deaths or phi). Lao Song people attach greater importance
to the latter category of rite than the former one. In several respects, the rites related to ancestor
worship are similar to the Chinesepractice since Lao Soengwor Black Tai lived in South China
and North Vietnam. However,-Lao Song people still follow-practice of Thai-Lao as seen in
most other Northeast communitiesin 'Thailand. Thé'performance of ritesshas developed into
a social duty indthe.community,and became.customary practice reinforcing unity and group
identity. Theseriftial functions.confirm'the existing soeialStructure of Lo Song group. The
rites serve to promote social stability and are the symbols indicating.the'status of individuals
in their group.

With respect to social structure of Lao Song, the family organizationsrepresenis
patrilineal kinship system which is symbolized by the belief in the same phi. . The village ties
consists of both consanguine and affine relatives. Social stratification among Lao Song includes
two classes, namely, phu-tao and phu-noi which are not divided very rigidly in the sense that
intermarriage between these two classes are allowed and there is no taboo against marriage
with outsiders. This results in the changes of the status of women according to their husbards’
Status. In addition, the beliefs in spirits of the deaths or phi and in supernatural power of phi
Jfunction as social mechanism ensuring proper discipline and moral behavior among community
members.

The inter-relationship between ritual functions and social structure of Lao Song
community is reflected in the parallel pattern of ritual stratification between phu-tdo.and
phu-noi and the social structure of Lao Song people at the family and village levels,
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